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(54) ACTIVE MATRIX TYPE LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To suppress liquid crystal discrimination 
which is the cause for the rough feel of a screen and 
after-images and to improve display quality by applying 
the potential different from the potential of a counter 
substrate electrode to a TFT side light shielding *'"* 
electrode. 

CONSTITUTION: The load voltage of the potential Vsc is 
applied to the TFT side conductive light shielding film 
116 and the offset voltage of the potential Vcom is 
applied to the counter electrode 121. The longitudinal 
electric field component (b) between a pixel electrode 
105 and the counter electrode 121 is increased relatively 
with the transverse electric field (a) generated in the 
liquid crystal layer in the periphery of the pixels by the 
potential differences between a gate electrode 111 and 
the pixel electrode 105 and between a drain electrode 
113 and the pixel electrode 105 to lessen the reverse tilt 
of liquid crystals. The transverse electric field 
component (a) in the peripheral parts of the pixels which 

is the cause for the reverse tilt of the liquid crystal is decreased relatively with respect to the 
longitudinal electric field component (b) which is to be intrinsically impressed and is necessary 
for display in such a manner, by which the discrimination is lessened and the good display 
characteristics having the decreased after images are obtd. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the active matrix liquid crystal indicating equipment characterized by impressing 
potential which said counterelectrode became independent of on said transistor substrate side 
conductivity protection-from-light film in an active matrix liquid crystal indicating equipment equipped 
with a liquid crystal device containing the transistor section which consists of a gate electrode, a gate 
insulator layer, a semiconductor film, a source electrode, a drain electrode, and a passivation insulator 
layer, a transistor side conductivity protection-from-light film, a pixel electrode, a liquid crystal layer, 
and a counterelectrode. 

[Claim 2] said transistor substrate side conductivity protection-from-light film - said counterelectrode 
offset voltage a-ten number - an active matrix liquid crystal display according to claim 1 
characterized by impressing load voltage low [ about V ]. 

[Claim 3] An active matrix liquid crystal display according to claim 2 characterized by establishing a 
contact hole in an insulator layer which arranged a back channel top conductivity protection-from-light 
film on a passivation insulator layer on a back channel of said transistor section, and was arranged on 
said account conductivity protection-from-light film of a transistor side, and connecting electrically said 
back channel top conductivity protection-from-light film and said transistor substrate side conductivity 
protection-from-light film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the highly minute liquid crystal display with which the 
conductive protection-from-light film is installed especially in the transistor substrate side about the 
liquid crystal display which used the amorphous silicon thin film transistor. 
[0002] 

[Description of the Prior Art] As this kind of a conventional liquid crystal display, to JP,3-50527,A The 
protection-from-light film which prepared on the glass substrate and prepared opening in the pixel 
electrode formation field, The thin film transistor prepared on the interlayer insulation film prepared in 
the front face containing a protection-from-light film, and the interlayer insulation film on a protection- 
from-light film, With the protection-from-light film which the thin film transistor array substrate which 
has the display electrode which connected with the thin film transistor, adjusted in the opening, and was 
prepared on the interlayer insulation film was proposed, and was prepared on the glass substrate TFT 
fields other than a pixel electrode formation field are shaded, buildup of the TFT OFF state current by 
back light exposure is controlled, and the leakage light from the outside of a pixel electrode is 
intercepted. 

[0003] The cross section where drawing 9 met the plan of the unit pixel of this conventional thin film 
transistor array substrate, and drawing 10 met the A- A' line of drawing 9 , and drawing 1 1 are the cross 
sections which met the B-B f line of drawing 9 . 

[0004] drawing 9 - setting - 1 - a gate electrode and 2 - a semiconductor layer and 3 - a drain 
electrode and 4 - in the edge of the TFT side conductivity protection-from-light film, and 6, opening 
and 1 1 show a scan signal line and, as for a source electrode and 5,12 shows [ a pixel electrode and 7 ] 
the video-signal line, respectively. An unit pixel is formed in the field surrounded by the scan signal line 
1 1 and the video-signal line 12, and the lead- wire nature protection-from-light film with which the 
video-signal line 12 and the source electrode 3 were electrically connected with the pixel electrode 5 for 
the scan signal line 1 1 and the drain electrode, respectively, and the gate electrode 1 of TFT was 
equipped with opening 6 to the pixel electrode formation field on the glass substrate is prepared. 
[0005] With reference to drawing 10 and drawing 1 1 , Cr film is made to deposit by the spatter on a 
glass substrate 100, Cr film of the portion equivalent to a pixel electrode formation field is etched 
selectively, and is punctured, and the protection-from-light film 1 16 is formed. Next, a silicon nitride 
film is deposited on the front face containing the protection-from-light film 116 with a CVD method, 
and the protection-from-light layer insulator layer 1 14 is formed. 

[0006] Next, Cr film is made to deposit on the protection-from-light layer insulator layer 1 14, it etches 
selectively, and the gate electrode 1 1 1 is formed on the protection-from-light film 1 16. Then, a silicon 
nitride film is deposited on the front face containing the gate electrode 111, and the gate insulator layer 
115 is formed. 

[0007] n+ mold amorphous silicon layer 1 19a prepared in the front face of the amorphous silicon film 
1 1 9 and an amorphous silicon is selectively formed on the gate insulator layer 1 1 5 corresponding to the 
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gate electrode 1 1 1, on the gate insulator layer 1 15 on opening of the protection-from-light film 1 16, an 
ITO film is prepared selectively and the pixel electrode 105 is formed. Here, the pixel electrode 105 is 
formed so that it may have the opening periphery and duplication portion of the protection-from-light 
film 116. 

[0008] Next, Cr film is deposited on the front face containing the amorphous silicon film 1 19, it etches 
selectively, and the drain electrode 1 1 3 and the source electrode 1 1 8 are formed. 
[0009] n+ mold amorphous silicon layer 1 19a of the field corresponding to the gate electrode 1 1 1 is 
removed by using the source drain electrodes 1 18 and 1 13 as a mask, and a thin film transistor array 
substrate is constituted. As shown in drawing 8 , storage capacitance is formed between the protection- 
from-light film 1 16 and the pixel electrode 105 here by making the protection-from-light film 116 into 
potentials [ counterelectrode / 121 ] (= Vcom). 

[0010] The equal circuit for 1 pixel of this conventional liquid crystal display is shown in drawing 13 . 
The protection-from-light layer insulator layer 1 14 and the gate insulator layer 1 15 form capacity the 
pixel electrode 5, the protection-from-light film 1 16, and in between, and, as for the pixel electrode 5 
and the counterelectrode 121 which sandwiches liquid crystal 130, the protection-from-light film 116 
and this potential Vcom are impressed. 

[001 1] In this conventional example, since the protection-from-light film is not installed on the TFT 
back channel, a problem is in lightfastness. 

[0012] As thin film transistor array which prepared the protection-from-light film on the back channel, 
the configuration in which the metal protection-from-light film on a back channel was connected to the 
gate line of the preceding paragraph ****** latter part is indicated by JP,60-192370,A. Drawing 14 
shows the plan of the unit pixel of the thin film transistor array indicated by JP,60-192370,A, and the 
cross section where drawing 16 met the C-C line of drawing 14 in the cross section where drawing 15 
met the B-B' line of drawing 14 is shown, respectively. 

[0013] In drawin g__14 , in a semiconductor layer and 3, a drain electrode and 4 show a source electrode 
and, as for 1, 5 shows [ the gate line as a scan signal line, and 1 19 ] the pixel electrode, respectively. 
[0014] Moreover, in drawin g 15 and drawing 16 , in an interlay er insulation film and 5, a pixel electrode 
and 1 17 show an interlayer insulation film, and, as for 100, 14 shows [ a glass substrate the common 
electrode with which a drain electrode and 4 consist in a gate electrode and 3, and a gate insulator layer 
and 144 consist / 1 / of a transparence conductive layer in a source electrode and 115, and 145 ] the TFT 
back channel top conductivity protection-from-light film, respectively. 

[0015] With reference to drawing 16 , the TFT back channel top conductivity protection-from-light film 
14 which consists of metals, such as Cr, is connected with the gate electrode 1 of the preceding 
paragraph. 

[0016] Moreover, the thin film transistor which connected the protection-from-light film on a back 
channel to the source or a drain electrode is indicated by JP,3-42124,U, for example. That is, with 
reference to drawin g 17 , on both sides of the semiconductor layer which consists of an amorphous 
silicon film 1 1 9 and/or n+ mold amorphous silicon layer 1 1 9a, the gate electrode 1 1 1 and the back 
channel top conductivity protection-from-light film 14 which changes from a metal to the side which 
counters through the passivation insulator layer 1 17 are formed in JP,3-42124,U, and the conductive 
protection-from-light film 14 is electrically connected with the drain electrode 3 of TFT. 
[0017] In said JP,60- 192370, A and said JP,3-2124,U, although the protection-from-light-on back 
channel film has also played a role of a backgate simultaneously, the potential cannot change in time 
and, moreover, cannot be given to arbitration. 
[0018] 

[Problem(s) to be Solved by the Invention] With the conventional liquid crystal display element, when 
an element is high-definition-ized, in the pixel electrode circumference, there is an inclination which the 
horizontal electric field between a pixel electrode, TFT, the gate scanning line, and a video-signal line 
increase (refer to drawing 12 ), and vertical electric field are confused between the pixel electrode which 
should be essentially given to liquid crystal, and a counterelectrode. For this reason, it becomes easy to 
generate the reverse tilt of liquid crystal, and the disclination by the reverse twist around a pixel. 
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[0019] And light always penetrates a disclination generating part and it reduces display grace. Moreover, 

it is reflected in a user's eyes as an after-image because disclination moves opening. 

[0020] Therefore, this invention controls the rough deposit of a screen, and the liquid crystal disclination 

leading to an after-image, and aims at offering the active matrix liquid crystal display which attains 

improvement in display quality. 

[0021] 

[Means for Solving the Problem] In order to attain said object, this invention is characterized by giving 
potential which is different from an opposite substrate electrode in the TFT side protection-from-light 
electrode in an active matrix liquid crystal display. 

[0022] this invention - setting - desirable ~ said transistor substrate side conductivity protection-from- 
light film - said counterelectrode offset voltage - a-ten number - it is characterized by impressing load 
voltage low [ about V ]. 

[0023] Moreover, in this invention, a contact hole may be opened in an insulator layer which arranged a 
conductive protection-from-light film on a back channel top passivation insulator layer of said transistor 
section, and was further arranged on said account conductivity protection-from-light film of a transistor 
side, and you may constitute so that a protection-from-light-on back channel film and said transistor 
substrate side conductivity protection-from-light film may be connected electrically. In addition, on an 
account conductivity protection-from-light film of a transistor side, an insulator layer, a TFT protection- 
from-light layer insulator layer, a gate insulator layer, and a passivation film, of three layers is arranged. 
[0024] 

[Function] By giving the potential difference suitable according to this invention for the 
counterelectrode which was this potential conventionally, and a transistor side conductivity protection- 
from-light film, the horizontal electric-field component of a pixel periphery leading to the reverse tilt of 
liquid crystal can be relatively decrease to the vertical electric-field component between the pixel 
electrode-counterelectrodes which should be impress essentially [ required in order to display ], 
disclination can be reduce, and the good display property that no after-image is is acquire. 
[0025] 

[Example] With reference to a drawing, the example of this invention is explained below. 
[0026] 

[Example 1] The 1st example of this invention is explained with reference to drawing 1 . In drawing 1 , 
the same reference mark is given to the same element as drawing 13 used for explanation of said 
conventional example. Below, only a point of difference with said conventional example is explained. 
[0027] As shown in drawing 1 , in this example, the load voltage of potential VSC is impressed to the 
TFT side conductivity protection-from-light film 1 16. The offset voltage of potential Vcom is impressed 
to a counterelectrode 121. As opposed to the longitudinal direction electric field (sign of drawin g 1 (a)) 
generated in a pixel periphery liquid crystal layer according to the potential difference between the gate 
electrode 1 1 1 -pixel electrodes 105 and between the drain electrode 1 13-pixel electrodes 105 relative - 
the increase of the length electric-field component between the pixel electrode 105-counterelectrodes 
102 (sign of drawing 1 (b)) - liquid crystal ~ the reverse tilt is reduced. 

[0028] The equal circuit for 1 pixel in this example is shown in drawing 2 . As shown in drawing 2 , the 
potential potential VSC is impressed independently [ a counterelectrode 121 ] by the TFT side 
conductivity protection-from-light film 116 which forms capacity on both sides of the gate insulator 
layer 1 15 and the TFT protection-from-light layer insulator layer 1 14 with the pixel electrode 5. 
[0029] In addition, the TFT side conductivity protection-from-light film 1 1 6 is a solid substrate as 
shown in drawing 3 , and the terminal which supplies voltage is installed in the four corners of a 
substrate, and it does not have the decline in the numerical aperture by the wiring of a feeder. 
[0030] As an example of an experimental result, an example of the voltage (VSC) of the TFT side 
conductivity protection-from-light film 116, the voltage (Vcom) of a counterelectrode 121, and the 
correlation of disclination is shown in drawing 4 - drawing 6 . In addition, the inside Vcomopt of 
drawing is the counterelectrode voltage value from which a flicker serves as min, namely, DC 
component in a eel serves as min in the case of a halftone display. Usually, counterelectrode voltage is 
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set as Vcomopt. 

[0031] However, the value of Vcomopt changes depending on the set point of eel thickness, gate 
voltage, and drain voltage, and changes with panels. Therefore, the values of Vcomopt differ a little for 
every panel. The variation in the value of Vcomopt is taken into consideration in this example (**0.2V). 

[0032] Drawing^ measures time amount until disclination disappears out of pixel opening, when a pixel 
is changed from a white display to a black display. 

[0033] Conventionally, with structure, both sides are set as Vcomopt and a ******** understands the 
existence time amount in a pixel of disclination for Vsc and Vcom from an experimental result. 
Moreover, when Vcom falls a little from Vcomopt, the existence time amount in a pixel of disclination 
becomes long. 

[0034] this example -- Vsc - Vcomopt (about 8 V) 15-25 -- by setting it as voltage low [ about V ] 
shows that trespass into the pixel of disclination can be controlled. 

[0035] Drawingj5 shows the disclination frequency (pixel number) where it constant-** to the opening 
in a pixel, and catches the number of pixels which the disclination which invaded into the opening in a 
pixel is constant-**(ing), without disappearing from a opening by sensuous decision. 
[0036] Although constant ** type disclination hardly exists by Vcom= Vcomopt with reference to 
drawing! , when Vcom changes from Vcomopt a little, the disclination which constant-** occurs. In 
this example, if Vsc is made below into V (Vcomopt- 15), this phenomenon will not produce it. 
[0037] Although drawin g^ does not move within a pixel, it catches the bright line area which appears 
around pixel opening by sensuous decision. This bright line is uniformly generated in all pixels. 
[0038] It turns out that bright line area increases as |Vsc| will become large, if Vsc is changed from 
drawingj6 when Vcom is near Vcomopt. In this example, it is remarkable at Vsc>(Vcomopt+10) V and 
Vsc<(Vcomopt-30) V. 

[0039] As mentioned above, by this example, if it judges synthetically from the experimental result 
shown in drawin g 4 - drawing 6 , when about 20v of Vsc(s) is low set up from 1 5V from Vcomopt, 
disclination will be controlled and a display will become good. Moreover, also when Vcom separates 
delicately from Vcomopt, it is hard coming to generate disclination and display quality is stabilized. 
[0040] 

[Example 2] The plan of the unit pixel of the 2nd example of the liquid crystal display of this invention 
is shown in drawing 7 , and the cross section which met drawing 8 at the B-B' line of drawing 7 is 
shown. 

[0041] drawin g^ - setting -- 1 - a gate electrode and 2 - a semiconductor film and 3 - a drain 
electrode and 4 - a source electrode and 5 - in the TFT back channel protection-from-light film contact 
section and 1 1, a scan signal line and 12 show a video-signal line, and, as for a pixel electrode and 7, 14 
shows [ the edge of the TFT side conductivity protection-from-light film, and 8 ] the back channel 
protection protection-from-light film, respectively. 

[0042] With reference to drawing 8 , this example deposits Cr film by the spatter on a glass substrate 
1 00, etches selectively Cr film of the portion equivalent to a display electrode formation field, punctures 
it, and forms the TFT side conductivity protection-from-light film 116. Next, a silicon nitride film is 
deposited on the front face containing the TFT side conductivity protection-from-light film 116 with a 
CVD method, and the TFT protection-from-light layer insulator layer 1 14 is formed. 
[0043] After etching selectively the portion equivalent to the contact hole of a silicon nitride film and 
puncturing it, on the TFT protection-from-light layer insulator layer 1 14, Cr is deposited and the gate 
electrode 1 1 1 and the gate contact 141 are formed. 

[0044] A silicon nitride film is made to deposit with a CVD method, and the gate insulator layer 1 1 5 is 
formed. Then, n+ mold amorphous silicon layer prepared in the front face of the amorphous silicon film 
119 and an amorphous silicon is selectively formed on the gate insulator layer 115 corresponding to the 
gate electrode 1 1 1 , on the gate insulator layer 1 1 5 on opening of the protection-from-light film 1 16, an 
ITO film is prepared selectively and the display electrode 105 is formed. Here, the display electrode 105 
is formed so that it may have the opening periphery and duplication portion of the TFT side conductivity 
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protection-from-light film 116. 

[0045] Next, the portion equivalent to the contact hole of the gate insulator layer 1 15 is etched 
selectively. 

[0046] Cr film is deposited on the front face containing the amorphous silicon film 1 19, it etches 
selectively, and the drain electrode 1 13, the source electrode 118 (for example, refer to the cross section 
of drawing 10 ), and the drain contact 142 are formed. 

[0047] n+ mold amorphous silicon layer 19a (for example, refer to the cross section of drawing 10 ) of 
the field corresponding to the gate electrode 1 1 1 is removed by using the source drain electrodes 1 13 
and 1 1 8 as a mask. 

[0048] Next, a silicon nitride film is made to deposit with a C VD method, and the passivation film 1 1 7 
is formed. 

[0049] Furthermore, the portion equivalent to a contact hole is etched selectively. Then, by depositing 
Cr on the passivation film 1 17 and etching selectively, the TFT back channel top conductivity 
protection-from-light film 140 is formed, and the thin film transistor array substrate of this example is 
completed. 

[0050] Here, the TFT back channel top conductivity protection-from-light film 140 becomes the TFT 
side conductivity protection-from-light film 1 16 and this potential, and can be given to arbitration. That 
is, the TFT back channel top conductivity protection-from-light film 140 comes to have a function as a 
stable backgate electrode. In addition, unlike the conventional example, a gate line and a drain wire can 
get down independently electrically, and this backgate (14 of drawing 7 ) can give the potential by 
which arbitration was stabilized. 

[0051] If minus voltage is impressed to a backgate, in addition to the disclination depressor effect in said 
1st example, the leakage current at the time of TFT OFF can be controlled. 

[0052] As mentioned above, although it was based on each above-mentioned example and this invention 
was explained, as for this invention, it is needless to say that the various modes which are not limited 
only to the above-mentioned mode and apply to the principle of this invention are included. 
[0053] 

[Effect of the Invention] As explained above, according to this invention, by giving different suitable 
potential from a counterelectrode to the TFT side conductivity protection-from-light film, the 
disclination generated in a pixel periphery could be reduced and improvement in display grace and 
stabilization were able to be realized as a liquid crystal display. 

[0054] Moreover, while controlling disclination by having connected electrically the TFT side 
conductivity protection-from-light film for the back channel top conductivity protection-from-light film 
through the contact hole according to this invention, it has the effect that the leakage current at the time 
of TFT OFF can be controlled. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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